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TRAJECTORY PARAMETERS FOR AS-50L-TYPE MISSIONS
VOLUME I - EARTH PARKING ORBIT PHASE

By Edward M, Jiongo
SUMMARY AND INTRODUCTION

A study to provide information required primarily for the flight
control and flight crew personnel to support an AS-50k-type mission for
any launch opportunity during a monthly launch window is being made.

Volume I provides figures of trajectory parameters describing the
earth parking orbit phase. It describes the S-IVB earth orbit insertion
conditions, the coast in earth parking orbit, and radar tracking from
earth orbit insertion to 4.5 hours after lift-off. The data is independent
of launch date and is presented as a function of launch azimuth. Venting
in earth parking orbit was not simulated. While venting will perturb
the trajectory, it is not expected to change the data presented
significantly. Spacecraft time in earth shadow was not included since
the study is not associated with any specific launch opportunity and
the time spent in earth shadow is dependent upon the position of the
sun, earth, and the moon at the time of launch. (The latest shadow
information now available is contained in reference 1.)

T ,

Three additional volumes will be published. Volume IT will describe
in detail each phase of the first lunar mission in the monthly launch
window. The characteristics of each phase will be common to the same
phase for any launch opportunity in the monthly window. Only Volume IT
will present detailed time histories of all pertinent trajectory
parameters. The information will be in similar format to that in the
AS-504 Preliminary Spacecraft Reference Trajectory (ref. 2).

Because of gignificant changes in the mission profile resulting
from a change in launch date from one day to the next, Volume IIT will
summarize a mission for the first injection opportunity of each launch
day in the monthly window. The information will be less detailed than
that in Volume II, but the format will also be similar to that in
reference 2. -

4 :

Volume ZI% will summarize how pertinent trajectory parameters vary
throughout each daily launch window. It will present the variation of
mission parameters with launch azimuth for each launch date in the window.

i
o



DISCUSSION OF FIGURES

S-IVB Earth Orbit Insertion Conditions

The earth parking orbit insertion conditions are summarized in
table I (ref. 3 and 4) and figures 1 and 2. Table I shows the actual
insertion conditions obtained from Marshal Space Flight Center used to
generate the ground tracks shown in figures 3 and 4. The various
parameters, such as time, latitude, and longitude, are shown as a function
of launch azimuth. For launch azimuths other than the 72°, 78°, 84°,
90°, 96°, 102°, and 108° shown in table I, refer to figure 1. The data
in the figure was obtained by a least squares curve fit of the data in
table I. Figure 2(a) shows the groundtracks for launch azimuth of T2°,
78°, 84°, 90°, 96°, 102°, and 108° from earth orbit insertion to 3 minutes
past earth orbit insertion. Total tracking time from insertion for land
stations and various ships may be compared in figure 2(b).

Earth Parking Orbit Phase

The earth parking orbit phase is summarized in figures 3, 4, and 5.
It was generated using the ARMP program (ref. 5). Figure 3(a) through
(c) shows the groundtrack on a 90°-t0-90° map for launch azimuths of
72°, 78°, 84°, 90°, 96°, 102°, and 108° with 100-n. mi., 5°-tracking

circles included. Figure 3(a) shows the groundtracks for the aforementioned

launch azimuth for the first revolution; figure 3(b), the second revolution;
and figure 3(c), the third revolution. The launch azimuth spread covers
the present range safety restricitons of 72° through 108°. For launch
azimuths between T2° through 108°, other than those specifically shown,

& linear interpolation can be performed. Figure U4(a) through (c) is
identical to figure 3(a) through (c) except that it is on a 180°-t0-180°
map to allow more detail and clarity if the region of interest is near

90° E or 90° W longitude. For more detailed groundtracks and translunar
injection burn contours, see reference 6.

Figure 5 shows latitude in earth parking orbit as a function of
g.e.t. Since the approximate latitude of ignition of & translunar
injection burn is the negative of the moon's declination at time of
pericynthion passage, figure 5 provides a close approximation of the time
of coast in earth parking orbit for a proposed lunar mission.

Radar Tracking Information for Earth Parking Orbit

The radar tracking data is summarized in tgble II, and figures 5
through 24. This data was also generated using the ARMP program. Table II
lists the available land-based radar stations, their three letter code
nemes, and their geodetic location (ref. 7). Tracking ships were not



included as their locations depend almost entirely on a specific mission
and launch date.

Pigure 5 shows which station will be tracking, duration of pass,
and tracking overlap for the maximum earth parking orbit coast time
of 4.5 hr. It gives a complete history for the launch azimuth from
72° through 108° in increments of 2°.

Individual station histories are shown in figures 6 through 24. As
a typical example, figure 11 provides a detailed history for Carnarvon.
Figure 11(a) shows g.e.t. for 3° elevation at acquisition and termination
versus launch azimuth for each revolution that the station tracks.
Figure 11(b) shows duration of pass above 3° elevation versus launch
azimuth. Figure 11(c) shows azimuth of acquisition at 0° elevation versus
launch azimuth for each revolution the station tracks. By showing azimuth
of gcquisition at 0° elevation a radar station can lock-on the spacecraft
at the earliest opportunity, although the data may not be usable until
some minimum elevation, such as 3° is obtained. The time of acquisition
for the 0° lock-on will always be approximately 15 to 20 seconds previous
to the time of acquisition shown in figures 6(a) through 2h(a).
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Figure 1,- Earth orbit insertion conditions,
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Geocentric latitude of earth orbit insertion, deg
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Longitude of earth orbit insertion, deg
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Figure 1.~ Continued.
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inertial azimuth of earth orbit insertion, deg
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Weight at earth orbit insettion, Ib
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‘Figure 2,- Concluded.
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Figure 5,- Elapsed time from launch versus latitude for launch azimuth
72 degrees through 108 degrees, (100 -nautical mile altitude earth
' parking orbit),
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Figure 5, - Continued,
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(c) 84-degree launch azimuth,

Figure 5,- Continued,



N

Neb -
=
e |
==
—~
o S
=
-
Py
/]r
\.\
e sl
\ll.\\.\\:\\‘\i\l
R
\\..\\.\lt\l.\l\\.
-
A\
[[l’.
P
[t
]
™ —
>
-
| 1" —1 T |
——
s
L
h[
—
_—
S
,l’..'lr’. .
55
=t
'm [11[1_[
h -4 e—
——
a ~
& )
el
.!Dr\. \\A,\L\.
p—
- | LT
il "
ot —
L] e
wi | 4t
S (] o (e Q (] o
[\a (o V] L 1—& N (42
I i

bap ‘spnijize

4.0

2.0 3.0

Elapsed time, hr

1.0

(d) 90-degree launch azimuth,

Figure 5.~ Continued,
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Figure 5.~ Continued,
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Figure 6.- Continued,

{c) 88-degree through 94-degrée launch azimuths,
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Figure 6,~ Continued,
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Figure 7.~ Antigua radar tracking information for the first three revolutions as a
function of launch azimuth.
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